Objective. Retinoblastoma (Rb) protein is a nuclear protein with several important functions, including the ability to stabilize heterochromatin. Because antibodies against the nucleosome and chromatin are key in systemic lupus erythematosus (SLE), we sought to determine whether Rb was an autoantigen in SLE and to evaluate any associated clinical phenotypes.
INTRODUCTION
Systemic autoimmune diseases are characterized by remarkable phenotypic heterogeneity and overlapping clinical features. Autoantibodies are a hallmark feature of these diseases. Knowledge of these has proven to be of utility to classify patients, guide treatment decisions, enable predictions of outcomes, and provide insights into disease pathogenesis. An expanded set of well-defined markers will be essential to effectively implement the emerging era of preci-sion medicine in autoimmune rheumatic diseases. Historically, systemic lupus erythematosus (SLE) has been associated with several specific autoantibodies (eg, anti-double-stranded DNA [dsDNA] and anti-Smith [anti-Sm]), but very few have been clearly linked to distinct clinical manifestations (1) . More recently, several new SLE autoantigens have been discovered using new methodologies (2, 3) . Of these, only anti-tubulin 1C and anti-ficolin were closely associated with clinical features (nephritis and vasculitis, respectively), and validation studies are still pending (4, 5) .
In the context of cancer-induced autoimmunity, our group explored the role of tumor-suppressor proteins in autoimmunity (6) . In most cancers, there is inactivation and loss of retinoblastoma (Rb) function resulting from RB1 gene mutations or modifications of the Rb-associated regulatory mechanisms (7) . Rb is a 106-kD nuclear protein, and its main tumor-suppressor function is to control cell cycle through binding and repression of the E2F transcription factor family (8) . Interestingly, Rb is highly expressed in many tissues of relevance in SLE as a target of the immune response, including in blood cells, bone marrow, the central nervous system (CNS), and breast. Based on these tissue-expression sites and levels, it is interesting to speculate that Rb could potentially be a target of the immune-system attack in this disease spectrum (https ://www.genec ards.org/cgi-bin/cardd isp.pl?gene=RB1#expre ssion ). Of note, anti-Rb antibodies have been previously identified only in patients with lung cancer (9) .
Rb is also known to play a role in heterochromatin formation by maintaining overall constitutive chromatin structure (7) . Because several of the well-defined targets of the autoimmune response in SLE are nucleosome-and chromatin-related (eg, antibodies against dsDNA or histones), we tested whether Rb itself was a target of the immune response in patients with SLE. In this brief report, we describe the prevalence of anti-Rb antibodies in SLE and highlight their possible clinical significance as biomarkers of a new SLE disease subset.
PATIENTS AND METHODS
Patient cohort and sera. All patients and healthy individuals who participated in the study were older than 18 years and signed an informed consent. Clinical data and sera collection was approved by the Johns Hopkins University School of Medicine Institutional Review Board. Sera were aliquoted and stored at −80°C after collection. Clinical data were retrospectively retrieved after careful review of medical charts. The lupus cohort consisted of 222 patients consecutively evaluated at the Johns Hopkins Lupus Center from May 2013 to August 2013. The Hopkins Lupus Cohort is a prospective cohort in which 94% of the patients fulfill at least 4 of the 1982 revised criteria of the American College of Rheumatology, with clinical, laboratory, and outcome data recorded at every visit. The disease-control cohort consisted of sera from 100 patients with primary Sjögren's syndrome (pSS) seen in the Johns Hopkins Jerome L. Greene Sjögren's Center (all met the 2002 American-European Consensus Group criteria). Sera from 36 healthy individuals were also studied.
Immunoprecipitation using 35 S-methionine-labeled proteins generated by in vitro transcription/translation. Complementary DNA encoding full-length human Rb protein was used to generate 35 S-methionine-labeled protein by in vitro transcription/translation (IVTT) according to the manufacturer's protocol (Promega). Immunoprecipitations were performed using these products as follows: IVTT products (2 μl) were diluted in 1 ml of ice-cold lysis buffer (20 mM Tris pH 7.4/150 mM NaCl/1 mM EDTA pH 7.4/1% Nonidet P-40 and a protease inhibitor cocktail); 1 μl of serum was added to each, and the mixture was rocked (1 hour at 4°C) before adding 35 μl of protein A agarose beads (Pierce) for 20 minutes at 4°C. After extensive washing, the immunoprecipitates were electrophoresed on 10% sodium dodecyl sulfate polyacrylamide gels and visualized by autoradiography. A strong positive lupus serum was included as a positive reference in each data set; the immunoprecipitates were quantitated by densitometric scanning and were normalized to the reference included in each set (10) . Specificity of the assay was confirmed by immunoprecipitating the 35 S-methionine-labeled Rb protein generated by IVTT using a commercial antibody against Rb (rabbit monoclonal antibody [EPR17512]; Abcam). Because the distribution of values in the SLE and pSS cohorts was bimodal, a cutoff (for assigning positive antibody status) of five normalized antibody units was chosen, which clearly separated both populations (see Figure 1B ).
Statistical analysis. Fisher's exact test was used to assess the association between SLE manifestations/antibodies and anti-Rb. SLE manifestations/antibodies were dichotomized as present versus absent. Unadjusted odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. We further constructed a multivariable exact logistic regression to analyze the association between the presence of proteinuria and anti-Rb.
Covariates included in the model were presence of anti-Rb, sex, ethnicity, presence of anti-dsDNA, presence of anti-Sm, and low complement levels. Adjusted ORs and 95% CIs were reported. All analyses were performed using the statistical software packages SAS version 9.4 (SAS Institute, Inc) and R version 3.5.1 (R Core Team, R Foundation for Statistical Computing). Tests of statistical significance were conducted at an alpha level of 0.05.
RESULTS
Antibodies against Rb are present in sera of patients with SLE. A striking and unique feature of SLE is that many of the autoantibodies are directed against the nucleosome and/or chromatin (eg, anti-dsDNA and antihistone antibodies). Because
SIGNIFICANCE & INNOVATIONS
• This is the first autoantibody associated with protection against lupus nephritis. • This is a possible second pathogenetic pathway (separate from antiphospholipid syndrome) toward stroke in SLE.
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Rb is known to play a role in heterochromatin formation by maintaining overall constitutive chromatin structure, we tested whether Rb itself was a target of the immune response in patients with SLE. Sera from 222 well-characterized patients with SLE consecutively seen at the Johns Hopkins Lupus Center were tested for antibodies to Rb. Eighty-five percent of the patients were women, and 94% were white; patients had a mean age of 51. Figure 1B . Of 222 patients with SLE, 15 (6.8%) had antibodies against Rb, compared with 3 of 100 patients with pSS and 0 of 36 healthy controls.
Anti-Rb antibodies associate with distinct clinical SLE features. The strongest finding was the negative association of anti-Rb antibodies with lupus nephritis, which was shown in both univariate (Table 1 ) and multivariate ( Table 2) analyses. The second finding was the positive association of anti-Rb antibodies with stroke (near statistical significance) ( Table 1 ). It is noteworthy that anti-Rb antibodies were not associated with antiphospholipid antibodies (aPLs) ( Table 1) .
Careful review of the clinical characteristics of the three patients with pSS with antibodies against Rb yielded no readily apparent clinical features among this group because of the small numbers. Clinical characteristics of each patient with pSS who was anti-Rb antibody positive are listed in Supplemental  Table 1 .
DISCUSSION
In this study, we tested sera from patients with SLE and pSS to determine whether Rb antibodies were found in these autoimmune diseases and, if so, whether there were any relevant clinical associations. Rb antibodies were detected in 15 of 222 (6.8%) patients with SLE, in 3 of 100 patients with pSS (3%), and in 0 of 36 healthy individuals. To our knowledge, this is the first report of anti-Rb antibodies in systemic autoimmune diseases.
Among patients with SLE, Rb antibodies were negatively associated strongly with proteinuria (P = 0.0031) and renal involvement (P = 0.01). Furthermore, the absence of anti-Rb was identified as an independent risk factor for proteinuria in the multivariate analysis model. It is noteworthy that the multivariate model included well-known predictors of renal involvement, such as low C3 complement levels and other race as risk factors, further supporting the notion that the absence of anti-Rb antibodies may indeed be associated with proteinuria and renal involvement. That an antibody could mediate protective functions for the kidney and for peripheral blood cells or bone marrow at the same time is unexpected. Because these findings are derived from a single-center cohort, further studies are required to confirm and validate the clinical significance of anti-Rb antibodies. Of note, ear- lier studies reported that in patients with SLE, those with rheumatoid factor were less likely to have severe SLE manifestations (11) . Whether rheumatoid factor and Rb antibody levels correlate in any way may be informative to explore in future studies.
Interestingly, we found that among patients with SLE, Rb antibodies were positively associated with stroke (P = 0.0547).
This finding is especially noteworthy because Rb protein levels are high in the brain (https ://www.genec ards.org/cgi-bin/cardd isp.pl?gene=RB1#expre ssion ). In this setting, it is interesting to consider the possibility that an immune attack against CNS structures or modifications of Rb protein in the context of tumorigenesis or a chronic inflammatory process could potentially lead to the production of anti-Rb antibodies. It is also interesting that despite the role Rb plays in heterochromatin formation (7) , no correlation was found between antibodies against dsDNA and Rb in the patients studied with SLE. This may indicate that Rb antibodies are not part of a broader response to chromatin and could be consistent with the antitumor response proposed previously.
Also noteworthy is that anti-Rb antibodies were not associated with aPLs, a major cause of stroke among patients with SLE. To date, traditional risk factors for coronary artery and cerebrovascular disease (lupus anticoagulant and other aPLs) have been implicated in the pathogenesis of stroke in SLE (12) . In addition, SLE disease activity has been identified as an independent risk factor for stroke because of endothelial dysfunction or other, OR was not calculated because of zero cell frequencies. c One patient with negative anti-Rb was dropped because the patient did not have anti-Ro and anti-La tests done. d Three patients with negative anti-Rb had missing information on malignancy and were dropped. Abbreviation: aOR, adjusted odds ratio; CI, confidence interval; dsDNA, double-stranded DNA; Rb, retinoblastoma. a aORs were estimated using exact logistic regression.
